Pain management is a crucial component in the care of the postoperative patient. Although pre-emptive analgesia is commonly used for the management of postoperative pain, timing the analgesic administration is unclear. This study was designed to compare the efficacy of pre-emptive epidural analgesia (EA) with preventive EA in the patients undergoing major gynecologic surgery. A randomized, double-blinded trial was performed in 50 women of physical status American Society of Anesthesiologists (ASA) 1-3 undergoing major gynecologic surgery. Prior to induction of general anesthesia an epidural catheter was inserted in the patients of the two groups. Patients were allocated randomly into one of two groups; pre-emptive group (n = 25) received 12 ml of 0.125% bupivacaine and 50 µg fentanyl epidurally 20 min before the incision of surgery and the preventive group (n = 25) received the same of agents 20 min before the end of surgery via the epidural catheter. Preventive compared to pre-emptive EA had a significantly increased interval between the analgesic requests (P<0.001). The preventive group compared to the pre-emptive group had significantly decreased postoperative visual analog scale (VAS) in post anesthesia care unit (PACU) and up to 3 h after surgery (P<0.001). A preventive EA before the end of operation provides an improved postoperative analgesia in comparison to pre-emptive EA with no side effects in patients undergoing major gynecologic surgery.
INTRODUCTION
Peripheral and central nervous system sensitization results in postoperative pain hypersensitivity at the incision site and in surrounding tissues (Updike et al., 2003; Farouk, 2008) . "Pre-emptive" analgesia describes the concept of being able to reduce pain perception and overall analgesic needs by using agents to inhibit central nervous system sensitization before the application of painful stimuli (Akural et al., 2002; Hony et al., 2008; Atashkhoyi et al., 2011) . "Preventive" analgesia includes any peri-operative analgesic regimen that is able to control pain-induced sensitization of the central nervous system (CNS), hence *Corresponding author. E-mail: satashkhoyi@gmail.com.
reducing both the development and the persistence of pathologic pain (Lavand'hmme et al., 2005) .
There are studies concerning different routes of preemptive analgesia, such as wound infiltration, intravenous, intrathecally or epidurally, that improve anesthetic and analgesic quality (Shapiro et al., 2003; Wilson et al., 2008; Bong et al., 2005) . Superior analgesia after different operations was achieved with epidural injection of analgesics compared to other routes of analgesic administration (Zutshi et al., 2005; Klasen et al., 2005; Wu et al., 2000) . The timing of epidural analgesic administration (pre-incision, during operation, at emergence from anesthesia or after operation) is also another impact factor of the efficacy of analgesia. Richards et al. (1998) was unable to detect any significant difference in either of the outcome of pain measures for the two groups that received epidural local anesthetic with combination of opioid 15 min prior to surgical incision or 15 min prior to skin closure. Katz et al. (2004) showed the short term beneficial effects of preventive epidural analgesia in patients undergoing gynecologic laparotomy. Another study showed that fentanyl administered epidurally before awaking at the end of the elective abdominal surgery versus prior to surgical incision produce lower pain scores (Esmaoglu et al., 2001) .
In this study, we compared the epidural administration of local anesthetic with combination of fentanyl before the surgical incision (pre-emptive analgesia) or at the end of surgery (preventive analgesia) in reducing the postoperative pain following major gynecologic surgery.
MATERIALS AND METHODS
Fifty female patients were enrolled in this prospective, randomized, and double-blind clinical trial, with approval from the medical Ethics Committee and written consent obtained from the participants. The inclusion criteria were physical status American Society of Anesthesiologists (ASA) I-III, aged between 20 and 80 years undergoing elective major gynecologic surgery. Exclusion criteria were contraindication for epidural puncture, known allergy to local anesthetics, the patients consumed opioids and non-steroidal antiinflammatory drugs (NSAIDs) preoperatively, and patients with physiological and psychological disorders.
Patients were pre-medicated with oral 5 mg diazepam 1 h before operation. Before the induction of anesthesia, an epidural catheter was placed at the L 3-4 intervertebral space in the patients. Patients were allocated randomly into one of two groups; patients in the preemptive group (n=25) received 12 ml of 0.125% bupivacaine (Bupivacaine mylan, Delpharm, France) and 50 µg fentanyl (Aburaihan Pharmaceutical, Iran) epidurally 20 min before the incision of surgery. Patients in preventive group (n = 25) received the same agents 20 min before the end of surgery via the epidural catheter. General anesthesia (GA) was induced in all patients with fentanyl 1 -2 µg/kg, thiopentone 4 mg/kg, and succynilcoline 0.6 mg/kg was used to facilitate tracheal intubation. Anesthesia was maintained with nitrous oxide (N 2 O) 50% in oxygen (O 2 ), isoflurane 0.5 -1 minimum alveolar concentration (MAC), and pancronium 0.05 mg/kg. Fentanyl (1 µg/kg intravenous (i.v.)) was used as supplement of analgesia during surgery, if necessary. At the end of surgery, patients were transferred to post anesthesia care unit (PACU) and then referred to the intensive care unit (ICU). All patients received patient-controlled epidural analgesia (PCEA) with 0.125% of bupivacaine (1.25 mg/ml) and 5 μg/ml fentanyl delivered with a patient controlled analgesia (PCA) device (Abbott Pain Management Provider; Abbott Laboratories, North Chicago, IL) for 24 h postoperatively. No background infusion was used in either group. PCA pump was programmed to deliver 2 ml bolus with a lockout interval of 15 min in both groups. If analgesia was inadequate and visual analogue scale (VAS) >4 for 30 min, meperidine (0.5 -1 mg/kg every 6 h) was given intramuscularly as rescue measure of pain management.
Intraoperative monitoring consisted of electrocardiogram (ECG), pulse oximetry, end tidal CO 2 concentration (ETCO 2 ), urine output and hemodynamic variables. Hydration was achieved with lactated Ringer ' s solution. Three surgeons performed the surgical procedures, and the anesthesia was provided by two anesthesiologists who were responsible for monitoring of anesthesia and postoperative analgesia management. The surgeons, second anesthesiologist (Azari A) and patients were blinded to the study.
All study-related measurements were taken by the same anesthesiologist who was not aware of the treatment allocation of the patients. Pain scores on a visual analogue scale (VAS; 0= no pain, 10= worst pain imaginable) were recorded in the PACU (at emergence and during 24 h post-operatively). First request to analgesia, total analgesic consumption (epidurally or systemically administered drugs) and the presences of side effects (nauseavomiting, drowsiness, dizziness, and respiratory depression) were also recorded during the first 24 h after operation.
The sample size was based on a power calculation which showed that 50 patients were necessary to achieve 80% power to detect a prolongation of postoperative first analgesic demand of 3 h between patients treated with pre-emptive or preventive epidural analgesia with α = 0.05. Data were presented as mean ± SD. Demographic data, dose of intra-operative fentanyl, duration of surgery and anesthesia, IV fluid were compared using the student t test. Postoperative pain scores and incidence of side effects were compared by x 2 -square test between two groups. A p value ≤ 0.05 was considered statistically significant.
RESULTS
There were no significant differences between the groups with regards to age, weight, height, duration of surgery, type of surgery, and ASA status of classification (Table  1) . Moreover, there were no significant differences between the two groups regarding to intraoperative data such as intravenous fluid, urine output, and blood loss (Table 1) . Intraoperative fentanyl consumption was lower in the pre-emptive group than those in the preventive group (128.00 ± 38.40 vs. 158.00 ± 37.30 µg; p= 0.007, Table 1 ). The hemodynamic changes during anesthesia were presented in Figure 1 . Decreased of mean arterial pressure (MAP) and heart rate (HR) occurred more often in the pre-emptive group than in the preventive group, although this difference was not significant. Additionally, the VAS was significantly lower for the patients in the preventive group at emergence (p<0.001), and up to 3 hours postoperatively (p<0.001) than those in the pre-emptive group, but not at 6, 12, and 24 h after surgery (Table 2 and Figure 1) . Table 2 shows that the time to first request for analgesics were significantly longer in the preventive group (5.06 ± 2.54 vs. 2.44 ± 1.58 h; p<0.001). The frequency of rescue epidural analgesia by using the PCEA was significantly lower in preventive group than those in the patients of preemptive group (7 in preventive group vs. 12 in preemptive group; p<0.001). There were no differences in the consumption of additional analgesics (meperidine) between two groups. Also, there were no differences in hemodynamic or respiratory instability among patients of two groups during 24 h post operation. Other postoperative side effects also were absent in both groups. Furthermore, no patient experienced motor block during postoperative period.
DISCUSSION
The results of the present study indicate that epidural injection of bupivacaine and fentanyl 20 min before the end of surgery (preventive) provided better analgesia, which was referred as lower pain scores, longer duration of the first analgesic request, and lower postoperative analgesic consumption during the first 24 h after major gynecologic surgery compared with pre-incisional (preemptive) epidural analgesia. Although some studies have shown that administration of local or regional anesthesia just minutes before surgical procedures seems to be ineffective for prevention of postoperative pain (Updike et al., 2003) , most studies succeeded to show the benefits pre-emptive analgesia by intravenous or epidural analgesia (Farouk, 2008; Akural et al., 2002; Hony, 2008) . Studies have also showed that long-lasting (on the day before operation) pre-emptive epidural analgesia with local anesthetic and opioid reduced postoperative consumption of analgesics with improvement pain rating (Wu et al., 2000; Richards et al., 1998) were unable to detect any significant difference in either of the postoperative pain outcomes for the pre-incisional epidural analgesia when it was compared with injection of epidural analgesics at the end of surgery. Others reported that analgesics administered epidurally prior awaking at the end of operation is more effective for postoperative pain control than those given before the induction of anesthesia (Lavand'hmme et al., 2005; Katz et al., 2004; Esmaoglu et al., 2001; Gottschalk et al., 2008) . The present study findings demonstrates that injection of analgesics epidurally prior the end of surgery effectively suppresses all possible nociceptor transduction pathways, preventing central sensitization and improving postoperative pain management. Epidural anesthesia with bupivacaine blocks the sensory input of surgical stimuli (Wu et al., 2000) . Fentanyl activates the opioid receptors and suppresses the initial response of dorsal horn nociceptive neurons and C-fiber stimulation (Akural et al., 2002) . One possible explanation for our findings is that administration of opioids as premedication or during induction and maintenance of anesthesia may provide pre-emptive analgesia (Bong CL et al., 2005) .
There are a number of limitations to this study: First, the study limited assessment of postoperative analgesia to the first 24 postoperative hours. Secondly, the study was not large enough to assess safety. Thirdly, we did not control group (epidural injection of placebo as preemptive and preventive), and the highest reported pain score was below 5 in this study (Table 2) .
Conclusion
A preventive epidural analgesia with bupivacaine and fentanyl before the end of operation provides an improved postoperative analgesia in comparison to preemptive epidural injection of same agents with no side effects in patients undergoing major gynecologic surgery. Further trials are necessary to evaluate preventive analgesia on chronic postoperative pain.
